Aldols from aliphatic aldehydes had been synthesized enantioselectively using Singh's catalyst. Self and crossed aldol reactions with several linear aldehydes were performed.
Introduction
The aldol reaction is one of the most important carbon-carbon bond forming reactions [1] . There are only few studies where aldol reactions between two aliphatic aldehydes have been described [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . In these reactions different amino acids [9] , especially L-proline and its derivatives [15] [16] [17] [18] , diarylprolinols [11, 14] and imidazolidinones [5] , have been used as catalysts. Singh et al. designed an L-proline based chiral catalyst with a gemdiphenyl group at the β-carbon, which is essential for high enantioselectivities [17] . So far, this catalyst has been used in aldol reactions only between an aldehyde and a ketone [19] [20] [21] [22] [23] [24] [25] . To the best of our knowledge, this is the first time when enantioselective aldol reactions between two aliphatic aldehydes with Singh's catalyst 1 are reported.
With Singh's catalyst, the stereochemistry of aldol products can be explained by their transition state (Figure 1) , which is based on a model supported by DFT calculations [26] . Since aldehyde oxygen forms hydrogen bonds with the NH and OH groups of catalyst 1, the new C-C bond is formed from its Re face [17] . The thermodynamically favorable E-enamine is mainly formed by giving syn-aldol products [27] .
Results and Discussion
Reaction conditions for self-aldol reactions ( Table 1 , Entries 1 -8) were optimized with monoacetal protected glutaraldehyde [28] in a reaction that has been published earlier by us [29] . The aldol reactions presented in this article (Scheme 1) were reproducible and no water elimination was observed. The self-aldol reactions were done at 25˚C in DMSO for 20 -21 h. Correspondingly, the conditions for cross-aldol reactions were 0˚C -4˚C, DMF, 50 -53 h.
Self-aldol reactions with linear aldehydes, i.e. butyraldehyde (Entry 1, Table 1 ) gave relatively good yields (45% -71% yield, 2.9 -12.5:1 dr, 80% -89% ee). Since self-aldol reactions were successful, we also wanted to 
Conclusions
In conclusion, enantioselective aldol reactions of aliphatic aldehydes have been obtained in good enantiomeric excess (80% -94%). 13 C NMR. IR spectra were recorded on a Perkin-Elmer Spectrum One FTIR spectrometer. High resolution mass spectrometric data were obtained using MicroMass LCT Premier Spectrometer. The enantiomeric excess (ee) values of the products were determined by HPLC analysis.
Experimental Section

General Procedures for Aldol Preparation
In self-aldol reactions (Entries 1 -5, Table 1 ) aldehyde (2 mmol) was dissolved in DMSO (2 mL). H 2 O (0.04 mL), catalyst 1 (0.15 mmol) and AcOH (0.15 mmol) were added. The mixture was stirred at room temperature for 20 -21 h. The reaction mixture was quenched with saturated aqueous NH 4 Cl solution. The layers were separated and the aqueous layer was extracted with Et 2 O. Combined organic layers were dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. Crude products were purified with flash chromatography (20% Et 2 O/hexane).
In crossed aldol reactions (Entries 6 -8, 
3-Hydroxy-2-pentylnonanal (5)
Colorless
